
US008179883B2 

(12) Ulllted States Patent (10) Patent N0.: US 8,179,883 B2 
Bao et al. (45) Date of Patent: May 15, 2012 

(54) APPARATUS, METHOD AND SYSTEM FOR (56) References Cited 
MANAGING sEssION ENCAPSULATION 
INFORMATION WITHIN AN INTERNET U .s. PATENT DOCUMENTS 
PROTOCOL CONTENT BYPASS 2002/0046406 A1* 4/2002 Chelehmaletal. ........... .. 725/87 

ARCHITECTURE 2006/0225118 A1* 10/2006 Rolls et a1. ....... .. 725/118 
2007/0217436 A1* 9/2007 Markley et a1. 370/401 
2007/0286138 A1* 12/2007 K ft ........................ .. 370/338 

(75) Inventors: Qi Bao, Westborough, MA (US); David a an 
. OTHER PUBLICATIONS 

Flanagan, Frammgham, MA (US); 
Gerald R Joyce, Newton, MA (Us); PCT Search Report & Written Opinion, RE: Application #PCT/ 
Michael W Patrick, Assonet, MA (U S) US2009/046545 Jul 28, 2009 

_ * cited by examiner 

(73) Asslgnee' ggilsehra?llglsglzblsl§nt corporatlon’ Primary Examiner * Daniel ] Ryman 
’ Assistant Examiner * Aixa A Guadalupe 

( * ) Notice: Subject to any disclaimer, the term of this (57) ABSTRACT 
patent is extended or adjusted under 35 An apparatus, method and system for delivering Internet Pro 
U_S_C_ 154(1)) by 329 days_ tocol (IP) content Within a system that includes a bypass 

architecture, using a Session Encapsulation Information 
Database (SEIDB). Within an existing PacketCable Multime 
dia (PCMM) framework used as a control plane for IP content 
bypass ?oW setup, the SEIDB system stores session bypass 

(21) App1.No.: 12/140,s30 

(22) Filed: J 11n- 17s 2008 encapsulation information for IP content bypass ?oWs Within 
the system. Within the SEIDB, each entry of bypass encap 

(65) Prior Publication Data sulation information has a How classi?er component that 
uniquely identi?es a bypass How in a manner that alloWs both 
a cable modem termination system (CMTS) and the IP con 
tent source to uniquely identify the bypass ?oW at the SEIDB. 

US 2009/0310480 A1 Dec. 17, 2009 

51 Int. Cl. Initiall , the CMTS athers b ass enca sulation informa y g YP P 
H04L 12/66 (2006.01) tion and uploads it to the SEIDB. Before the bypass ?oW 

- - - - be ins, the IP content source obtains the necess b ass (52) US. Cl. ...... .. 370/352, 370/217, 370/354, 370/401, g 211V YP 
370/466; 725/110; 725/111 encapsulation information from the SEIDB, e.g., using a How 

(58) Field of Classi?cation Search ...................... .. None Classl?er as a Search ?lter Item‘ 

See application ?le for complete search history. 16 Claims, 8 Drawing Sheets 

84 
/ 

82 PCRF 62 000515 

POLICY 5 UPSTREAM 
P-CSCF PAM 

I SERVER CMTS SYNC DOCSIS 
( ( DOWNSTREAM 
\ 1 
86 88 

92 
/ 

INT CONTROLLER 1 INT 32 

94 T 96 95 ‘ M 89 HFC NETWORK 
98 STORAGE NETWORK ELEMENT(S) 

ELEMENT 

SESSION ENCAPSULATION DISPLAY 
INFORMATION DATABASE (SEIDB) DEVICE 

IF’ 8 
CONTENT 36 
SOURCE a a a a a a a! EQAM 

522 I Niiiicgigm 
12 28 DOWNSTREAM 



US. Patent May 15, 2012 Sheet 1 of8 US 8,179,883 B2 

5:5 511mg 52%: E252 

\ 

#2 355% 
282 

'5,‘ 12%| N .mUNBN 
23V 5252 P322855 52:28 

mg V VEQSEZ 

155m in; 

82> EZEEH 







US. Patent May 15, 2012 Sheet 4 of8 US 8,179,883 B2 

S 

v .mvhm 1 

0:52: 52;: EELQEV & , golmw?v 1% 1K 
2 l5 

2 $52 2 SE‘ A Q; 282 Q; 28% vi 

@545 525:: $515 5751: $515 55%: , 3545 i 5515 n; @515 A: $545 2: $543 23 $515 8% $53 $3,; $58 TEE 359 TE: 

m: E 

L1 282 33 V E22 5 V WZQMKPDZOOWQ 

@H 

w N N mm @N S 



US. Patent May 15, 2012 Sheet 5 of8 US 8,179,883 B2 

@m V MOSHE 2.52m aria: i252 V mm 

3:552 282 v 

m .MVNRN 

oz; 202 

k 

mm 

mm 

ww 

313cm E5200 

355% x 288 mm 

55mm Zion 
“ENE ww 

mm 





US. Patent May 15, 2012 Sheet 7 of8 US 8,179,883 B2 

CONFICURE AND AUTHENTICATE 
SEIDB WITH IP CONTENT SOURCE 

AND CMTS ENCAPSULATION 
INFORMATION 

l 
PCMM FRAMEWORK TRICGERS CMTS 

FOR NEW IP CONTENT BYPASS FLOW 

202 

204 

CMTS CATHERS BYPASS 
ENCAPSULATION INFORMATION 

(ADDS NEW FLOW CLASSIFIER FIELD) 
206 

CMTS UPLOADS BYPASS ENCAPSULATION 
INFORMATION TO SEIDB AS NEW 208 
BYPASS ENCAPSULATION ENTRY 

l 
IP CONTENT SOURCE OBTAINS BYPASS 
ENCAPSULATION INFORMATION FROM 
SEIDB USING FLOW CLASSIFIER AS 

FILTER 

210 

CMTS DELETES BYPASS ENCAPSULATION 
ENTRY FROM SEIDB AFTER IP 
CONTENT BYPASS FLOW ENDS 

212 

FIG. 7 





US 8,179,883 B2 
1 

APPARATUS, METHOD AND SYSTEM FOR 
MANAGING SESSION ENCAPSULATION 
INFORMATION WITHIN AN INTERNET 

PROTOCOL CONTENT BYPASS 
ARCHITECTURE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to the delivery of Internet Protocol 

(IP) content over cable systems using a standard protocol 
Data Over Cable System Interface Speci?cation (DOCSIS). 
More particularly, the invention relates to transmitting IP 
content Within systems involving Cable Modem Termination 
System (CMTS) architecture and processing. 

2. Description of the Related Art 
Most cable systems currently provide video (and data) 

content delivery services via digital broadcast. The video 
image is ?rst digitized, and then compressed, e. g., via one of 
several digital algorithms or compression standards, such as 
the MPEG2 (Moving Pictures Expert Group) algorithm or the 
MPEG4 part 10 algorithm, Where the latter also is knoWn as 
the International Telecommunications Union (ITU) H.264 
standard. These compression standards alloW the same video 
content to be represented With feWer data bits. Using MPEG2, 
standard de?nition television currently can be transmitted at a 
rate of approximately 4 Megabits per second (Mbps). Using 
MPEG 4 Part 10, the same video content can be transmitted at 
a rate of approximately 2 Mbps. The digital video content 
typically is transmitted from a source at a cable provider’s 
headend to one or more netWork elements, such as an end 

user’ s set-top box (or other suitable video processing device), 
via a digitally modulated radio frequency (RF) carrier, With 
the video content organiZed into an MPEG2 Transport Stream 
(MPEG2-TS) format. 

Cable system operators are considering Internet Protocol 
(IP)-based methods for delivery of content, such as IP-video 
and IP Television (IPTV), to supplement their current digital 
video delivery methods. The internet protocol is not required 
for MPEG2 Transport Streams. HoWever, IP-based video 
delivery alloWs the possibility of neW video sources, such as 
the Internet, and neW video destinations, such as end user 
IPTV playback devices. If cable systems do include IP-based 
content delivery, it is quite possible and likely that relatively 
large amounts of bandWidth Will be needed to deliver IPTV 
content to end users. Moreover, as end users continue to shift 
their vieWing desires toWard on-demand applications, a rela 
tively large percentage of such on-demand content likely Will 
be IPTV content. 

To cope With the anticipated surge of IPTV vieWing, the 
cable industry developed the Data Over Cable System Inter 
face Speci?cation (DOCSIS®) standard or protocol, includ 
ing the DOCSIS 3.0 standard. In general, DOCSIS de?nes 
interface requirements for cable modems involved in high 
speed data distribution over cable television system netWorks. 
The cable industry also developed the Cable Modem Termi 
nation System (CMTS) architecture and the Modular CMTS 
(M-CMTSTM) architecture for this purpose. In general, a 
CMTS is a component, typically located at the headend or 
local of?ce of a cable television company, that exchanges 
digital signals With cable modems on a cable netWork. 

In general, an EdgeQAM (EQAM) or EQAM modulator is 
a headend or hub device that receives packets of digital con 
tent, such as video or data, re-packetiZes the digital content 
into an MPEG transport stream, and digitally modulates the 
digital transport stream onto a doWnstream RF carrier using 
Quadrature Amplitude Modulation (QAM). EdgeQAMs are 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
used for both digital broadcast, and DOCSIS doWnstream 
transmission. In a conventional IPTV netWork system 
arrangement using M-CMTS architecture, the EdgeQAMs 
are doWnstream DOCSIS modulators, and are separated from 
a core portion of the M-CMTS core. An IPTV server or other 
suitable IP content provider is coupled to a regional area or 
backbone netWork. This backbone netWork, in turn, is con 
nected to a converged interconnect netWork (CIN) Which also 
links the M-CMTS core and the EdgeQAMs. The CIN per 
forms as one or more access routers or sWitches, i.e., devices 
con?gured for routing data in an IP netWork. There is a Layer 
TWo Tunneling Protocol version 3 (L2TPv3) tunnel from the 
M-CMTS core to the EdgeQAMs, With this tunnel being 
identi?ed as a DoWnstream External Physical Interface 
(DEPI). The IPTV content is carried on the doWnstream 
DOCSIS RF carrier from the EdgeQAM to one or more end 
user netWork elements, such as a DOCSIS set-top box or an 
Internet Protocol set-top box (IP-STB). An IP set-top box is a 
set-top box or other multimedia content processing device 
that can use a broadband data netWork to connect to television 
channels, video streams and other multimedia content. An 
upstream DOCSIS receiver is coupled to and receives data, 
such as on-demand commands, from the end user multimedia 
content processing device. Upstream DOCSIS receivers are 
combined With or contained Within a core portion of the 
M-CMTS component. 

In general, for conventional M-CMTS architecture, all 
packets traveling upstream or doWnstream typically travel 
through the M-CMTS core for appropriate forWarding to the 
correct netWork interface or DOCSIS carrier. HoWever, since 
the doWnstream DOCSIS modulators (i.e., the EQAMs) are 
separate from the M-CMTS core, the downstream packets 
travel from the M-CMTS core, through the CIN, and to the 
EQAMs on special “tunnel” or “pseudo-Wire” connections. 
These tunnels, Which are de?ned by the Layer TWo Tunneling 
Protocol (L2TP) version 3 (i.e., L2TPv3), are knoWn Within 
the DOCSIS 3.0 standard as DoWnstream External Physical 
Interface (DEPI) tunnels, and typically are in the form of 
gigabit Ethernet ?ber links. 
One of the features of the DOCSIS 3.0 speci?cation 

intended to facilitate the use of IPTV content delivery is that 
the number of doWnstream EQAMs can be increased inde 
pendently of the number of upstream DOCSIS data channels. 
Hence, the doWnstream DOCSIS capacity can be arbitrarily 
increased to Whatever bandWidth is needed. HoWever, as dis 
cussed, doWnstream IPTV content or data packet ?oW from 
the IPTV server to the end user DOCSIS netWork elements 
conventionally is required to travel through the CIN to the 
M-CMTS core, then from the M-CMTS core, on a DEPI 
tunnel, back through the CIN again, and then on to the 
EQAM. Such “hairpin” forWarding of doWnstream data pack 
ets back through the CIN requires a disproportionate amount 
of sWitching bandWidth and other resources compared to 
other portions of the system. 

Accordingly, there has been a need to provide a bypass 
architecture that overcomes or avoids the issues involved With 
data packet ?oW from the M-CMTS core back through the 
CIN and then on to the EQAM. Such a bypass architecture 
might involve or include direct tunneling of video content 
controlled by and transmitted from a multiple systems opera 
tor (MSO) to a doWnstream modulator, such as a loW-cost 
doWnstream EQAM, in a manner that bypasses the CMTS, 
including the M-CMTS core. HoWever, Within such a bypass 
system, to achieve proper bypass, the various MSO-con 
trolled IP content sources, including video servers, Would be 
required to have encapsulation information of DOCSIS fram 
ing, as Well as tunneling information of the EQAM. HoWever, 
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such IP content sources typically do not have such informa 
tion. Typically, only the CMTS and CMTS peripherals, such 
as the EQAM Edge Resource Manager (ERM), have such 
information. Accordingly, there is a need for a control plane 
for such bypass systems that allows IP content sources, 
including video servers, to obtain necessary bypass encapsu 
lation information so that bypass content ?ows can be prop 
erly established with appropriate CMTS quality of service 
(QoS) support. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a conventional Internet Pro 
tocol (IP) content delivery system, including a conventional 
modular Cable Modem Termination System (M-CMTS) net 
work; 

FIG. 2 is a block diagram of an IP content delivery system, 
including a DOCSIS IP-video Bypass Architecture (DIBA), 
in which the IP content bypasses the M-CMTS core; 

FIG. 3 is a block diagram of an IP content delivery system 
with an integrated CMTS network, also including a DOCSIS 
IP-video Bypass Architecture (DIBA), in which the IP con 
tent bypasses an integrated CMTS; 

FIG. 4 is a block diagram of data encapsulations at various 
stages in the IP content delivery systems of FIG. 2 and FIG. 3; 

FIG. 5 is a block diagram of an IP content delivery system 
according to the PacketCable Multimedia (PCMM) architec 
ture speci?cations, and including a bypass architecture; 

FIG. 6 is a block diagram of an IP content delivery system 
using the PCMM 2.0 framework, including a bypass archi 
tecture, and including the Session Encapsulation Information 
Database (SEIDB); 

FIG. 7 is a ?ow chart that schematically illustrates a 
method for delivering IP content within a system that includes 
a bypass architecture and that includes a Session Encapsula 
tion Information Database (SEIDB); and 

FIG. 8 is a block diagram of a PCMM Gate-Set command 
structure, including a SessionClassID command modi?ca 
tion. 

DETAILED DESCRIPTION 

In the following description, like reference numerals indi 
cate like components to enhance the understanding of the 
bypass architecture apparatus, methods and systems through 
the description of the drawings. Also, although speci?c fea 
tures, con?gurations and arrangements are discussed herein 
below, it should be understood that such speci?city is for 
illustrative purposes only. A person skilled in the relevant art 
will recogniZe that other steps, con?gurations and arrange 
ments are useful without departing from the spirit and scope 
of the invention. 

The apparatus, methods and systems described herein 
involve using an existing PacketCable Multimedia (PCMM) 
framework or other suitable existing framework as a control 
plane for IP content bypass ?ow setup and adding a Session 
Encapsulation Information Database (SEIDB) system com 
ponent to the existing framework. The SEIDB is con?gured to 
store session bypass encapsulation information for IP content 
bypass ?ows within the system. Within the SEIDB, each entry 
of bypass encapsulation information for a bypass ?ow has a 
?ow classi?er component that uniquely identi?es a bypass 
?ow in a manner that allows both the Cable Modem Termi 
nation System (CMTS) and the IP content sources, including 
video servers, to uniquely identify the bypass ?ow at the 
SEIDB. Initially, once the CMTS has been triggered by the 
PCMM system for a new IP content bypass session, e.g., 
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4 
using a new SessionClassID within the PCMM Gate-Set 
command, the CMTS gathers necessary bypass encapsula 
tion information. The CMTS then uploads the gathered 
bypass encapsulation information to the SEIDB. After such 
upload, the CMTS continues with the rest of PCMM setup 
procedure for the bypass ?ow, e.g., in a conventional manner. 
Then, before the bypass ?ow begins, the IP content source 
establishes a communication with the SEIDB to obtain the 
necessary bypass encapsulation information, e.g., using a 
?ow classi?er as a search ?lter item. By using the existing 
PCMM or other system framework to set up bypass ?ows, no 
change to the existing system setup procedure is required 
while achieving QoS provisioning for bypass ?ows. Also, the 
SEIDB is independent of any one IP content source or server, 
thus allowing multiple sources and video servers to work 
simultaneously with the CMTS in an asynchronous way to 
achieve better scalability. 

Referring now to FIG. 1, shown is a block diagram of a 
conventional Internet Protocol (IP) content delivery system 
100 including a conventional modular Cable Modem Termi 
nation System (M-CMTS) network arrangement. The system 
100 includes one or more sources of IP content, e.g., one or 

more video on demand (VOD) servers 102, IPTV broadcast 
video servers 104, Internet video sources 106, or other suit 
able sources for providing IP content. The IP content sources 
are connected to a regional area or backbone network 114. 
The regional area network 114 can be any communication 
network or network server arrangement suitable for transmit 
ting IP content. For example, the regional area network 114 
can be or include the Internet or an IP-based network, a 

computer network, a web-based network or other suitable 
wired or wireless network or network system. 

Coupled to the regional area network 114 is a converged 
interconnect network (CIN) 118, which includes the routing 
and switching capability for connecting the regional area 
network 114 to a Cable Modem Termination System 
(CMTS), such as a modular CMTS (M-CMTS) 122. In gen 
eral, as discussed hereinabove, the CIN typically performs as 
an access router for routing data in an IP network. The CIN 
typically has gigabit Ethernet interfaces and can perform 
layer 2/ 3/ 4 forwarding, i.e., routing of data in layers 2, 3 and 
4 as de?ned according to the seven-layer Open Systems Inter 
connection (OSI) network protocol. In general, a CMTS or an 
M-CMTS is a component that exchanges digital signals with 
network elements (such as network elements including cable 
modems, set-top boxes and other content processing devices, 
and media terminal adapters) on a cable network. The CMTS 
or M-CMTS typically is located at the local of?ce of a cable 
television company. 

The M-CMTS 122 includes an M-CMTS core 124, which 
typically includes or contains one or more upstream receivers 
126, such as an upstream DOCSIS receiver. The M-CMTS 
122 also includes one or more downstream DOCSIS modu 

lators, such as one or more EdgeQAMs (EQAMs) 128, which 
are external to and not part of the M-CMTS core 124. The 
M-CMTS 122 typically is connected to one or more network 
elements 132, such as an enduser cable modem, a set-top box, 
a media terminal adapter (MTA) or other suitable end user or 
customer premises equipment (CPE). The network elements 
132 may include an associated display device 136 coupled 
thereto. The M-CMTS 122 typically is connected to the net 
work elements 132 via an end user network, which typically 
is a Hybrid Fiber Coaxial (HFC) cable network 134 and/or 
other suitable end user network or network system. 
The upstream receiver 126 is con?gured to receive 

upstream IP/DOCSIS transmissions, such as on-demand 
commands from an end user set-top box. The upstream data is 
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transmitted to the up stream receiver 126 via the network 134 
and an upstream data channel 142 coupled betWeen the net 
work 134 and the upstream receiver 126. The M-CMTS core 
124, Which includes the upstream receiver 126, converts the 
received upstream data to Internet Protocol (IP) packets, 
Which then are sent to an IP router, or other suitable device or 
component, for transmission across the CIN 118 and the 
regional area netWork 114. For doWnstream data, the 
M-CMTS 122 uses one or more EQAMs 128 or other suitable 
doWnstream modulators to convert the IP packet data to a 
DOCSIS formatted transport stream or other suitable digital 
transport stream and modulate the digital transport stream 
onto a doWnstream RF carrier using Quadrature Amplitude 
Modulation (QAM) to the netWork elements 132. The doWn 
stream data is transmitted from the EQAM 128 to the netWork 
elements 132 via the netWork 134 and a doWnstream data 
channel 144 coupled betWeen the EQAM 128 and the net 
Work 134. 
One or more of the components Within the M-CMTS 122, 

including one or more of the M-CMTS core 124, the upstream 
receiver 126 and the EQAM 128 can be comprised partially or 
completely of any suitable structure or arrangement, e.g., one 
or more integrated circuits. Also, it should be understood that 
the M-CMTS 122 includes other components, hardWare and 
softWare (not shoWn) that are used for the operation of other 
features and functions of the M-CMTS 122 not speci?cally 
described herein. Also, the M-CMTS 122 can be partially or 
completely con?gured in the form of hardWare circuitry and/ 
or other hardWare components Within a larger device or group 
of components. Alternatively, the M-CMTS 122 can be par 
tially or completely con?gured in the form of softWare, e.g., 
as processing instructions and/ or one or more sets of logic or 
computer code. In such con?guration, the logic or processing 
instructions typically are stored in a data storage device (not 
shoWn). The data storage device typically is coupled to a 
processor or controller (not shoWn). The processor accesses 
the necessary instructions from the data storage device and 
executes the instructions or transfers the instructions to the 
appropriate location Within the M-CMTS 122. 
A DOCSIS 3.0 cable modem and other netWork elements 

are able to receive multiple doWnstream channels 144. 
According to the DOCSIS 3.0 standard, there may be “pri 
mary” and “non-primary” doWnstream channels. Of these, 
one and only one doWnstream channel Will be the “primary” 
doWnstream channel of the netWork elements. The netWork 
elements Will only receive synchronization time-stamps, 
Which are necessary for upstream operation and Which are 
knoWn as SYNC messages, on its primary doWnstream chan 
nel. Thus, the “primary” channel is also a “synchronized” 
channel. The netWork elements also rely on the “primary” 
channel for the delivery of Mac Domain Descriptor (MDD) 
messages, Which enable the netWork elements to perform 
operations including plant topology resolution and initial 
upstream channel selection. During initialization, the net 
Work elements are only required to receive Upstream Band 
Width Allocation Maps (MAPs) and Upstream Channel 
Descriptors (UCDs) on its “primary” doWnstream channel. 

In systems using M-CMTS architecture, the IP data pack 
ets traveling up stream or doWnstream typically travel through 
the M-CMTS core 124 for appropriate processing and subse 
quent forWarding to the correct netWork interface or data 
carrier, such as a DOCSIS RF carrier. Since the upstream 
receiver 126 is combined With the M-CMTS core 124 and its 
processing, upstream data received by the upstream receiver 
126 can be transmitted directly from the upstream receiver 
126 to the M-CMTS core 124 and then forWarded appropri 
ately. HoWever, since the doWnstream modulator (EQAM 
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6 
128) is not part of the M-CMTS core 124, doWnstream data 
received by the M-CMTS 122 from the CIN 118 travels ?rst 
through the M-CMTS core 124 for appropriate processing 
and then is directed to the EQAM 128 for appropriate con 
version and modulation. DoWnstream data packets from the 
M-CMTS core 124 conventionally must travel back through 
the CIN 118 and then to the EQAM 128 using special “tun 
nel” or “pseudo-Wire” connections, such as doWnstream or 
DOCSIS DoWnstream External Physical Interface (DEPI) 
tunnels. As discussed hereinabove, such “hairpin” forWard 
ing from the M-CMTS core 124 back through the CIN 118 to 
the EQAM 128 Will require a disproportionate amount of 
sWitching bandWidth for the M-CMTS core 124 and the CIN 
118. 

Referring noW to FIG. 2, shoWn is a block diagram of an IP 
content delivery system 50 including M-CMTS bypass archi 
tecture. In the system 50, doWnstream content or tra?ic trav 
els directly from one or more IP content sources 12 to an 

EQAM 28, e.g., via a regional area netWork 14 and a CIN 18, 
thus bypassing an M-CMTS 22 and its M-CMTS core 24. The 
doWnstream content travels directly to the EQAM 28 using 
one or more suitable connections (shoWn generally as a con 
nection 52). For example, the connection 52 can be one or 
more “tunnel” or “pseudo-Wire” connections, such as a DEPI 
tunnel. As Will be discussed in greater detail hereinbeloW, 
content that is tunneled or otherWise transmitted directly from 
the IP content source 52 to the EQAM 28 emerges from the 
EQAM 28 With partial or full DOCSIS framing, suitable for 
forWarding through to DOCSIS-compatible end user netWork 
elements, such as an end user cable modem that is DOCSIS 
compatible. In general, the system 50 accomplishes the func 
tionality of an M-CMTS Without the associated cost. Con 
ventionally, the M-CMTS does alloW the addition of 
corresponding EQAMs to the system Without having to 
increase the number of upstream data channels, providing 
some system ?exibility. HoWever, the bypass architecture, 
e.g., as shoWn in FIG. 2, provides the additional advantage of 
alloWing additional EQAMs, Without having to add addi 
tional processing capacity to the M-CMTS core 24, or the 
CIN 18, Which Would be relatively expensive. 

Also, alternatively, an M-CMTS bypass architecture can be 
used in systems that include an integrated CMTS, rather than 
a more expensive M-CMTS. In this manner, the bypass archi 
tecture makes it possible to deploy an integrated CMTS With 
additional external DEPI EQAMs. The integrated CMTS 
includes a “synchronized” or “primary” doWnstream DOC 
SIS data channel from the integrated CMTS to the end user 
netWork elements, in addition to the doWnstream DOCSIS 
data channels from the EQAM to the end user netWork ele 
ments, Which may be “synchronized” or “non-synchronized.” 
Referring noW to FIG. 3, shoWn is a block diagram of an IP 
content delivery system 60 including an integrated CMTS 
netWork, and including a bypass architecture in Which the IP 
content bypasses the integrated CMTS. The system 60 
includes an integrated CMTS 62, Which differs from an 
M-CMTS in that it also includes a doWnstream DOCSIS data 
channel 64 coupled to end user netWork elements 32, e.g., via 
an HFC netWork 34. NetWork elements 32 can include one or 

more end user netWork elements, such as a cable modem, a 
set-top box, a media terminal adapter (MTA) or other suitable 
end user or customer premises equipment (CPE). The doWn 
stream DOCSIS data channel 64 is fully functional, contain 
ing synchronization timestamps, and thus is considered to be 
“primary” or “synchronized.” By comparison, the doWn 
stream DOCSIS data channel 44 from the EQAM 28 to the 
netWork elements 32 (via the HFC netWork 34), Which carries 
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IP content, can be con?gured to operate without synchroni 
zation timestamps, and thus may, in that case, be considered 
to be “non-synchronized.” 

Because IP content can be delivered to DOCSIS cable 
modems and other network elements 32 using non-synchro 
nized downstream data channels, the EQAM 28 can be used 
to deliver IP content even when the EQAM 28 is not synchro 
nized to the DOCSIS master clock with the DOCSIS Timing 
Interface (DTI) (not shown), which is part of the integrated 
CMTS 62. DOCSIS modems require DOCSIS master clock 
synchronization on only one synchronized data channel, i.e., 
the so-called “primary” downstream data channel. Therefore, 
such synchronization can be supplied by the integrated 
CMTS 62, via the “synchronized” downstream DOCSIS data 
channel 64. Alternatively, such synchronization can be sup 
plied by a single M-CMTS EQAM that is synchronized to the 
DOCSIS master clock with the DOCSIS DTI. 
By using the CMTS bypass architecture, the system 60 

avoids the expense of the CMTS (or the M-CMTS) having to 
establish or generate both synchronized and non-synchro 
nized downstream data channels for delivery of IP content. A 
single synchronized data channel from the integrated CMTS 
62 or its core can provide the synchronization timestamps, 
and also provide other DOCSIS Media Access Control 
(MAC) functions, including instructing the network elements 
32 when to transmit upstream and delivering other MAC layer 
messages for various network element functions, such as 
registration and maintenance. One or more non- synchronized 
DOCSIS data channels can be established or generated for 
one or more EQAMs 28. A non-synchronized DOCSIS data 
channel generated for an EQAM is less expensive than gen 
erating a synchronized DOCSIS data channel for an inte 
grated CMTS or an M-CMTS. Also, with an integrated 
CMTS and no timestamps in the non- synchronized data chan 
nel, the DTI (which is required in the M-CMTS architecture) 
is not necessary in systems using CMTS bypass architecture. 

Depending on the content source 12, the regional area 
network 14 and the CIN 18, as well as the type of EQAM 28, 
IP content delivery systems using CMTS bypass architecture 
can use many different tunneling techniques and therefore 
have many suitable bypass data encapsulations. Data encap 
sulation generally is the process of taking a packet of a par 
ticular format that contains data as its payload, and envelop 
ing or encapsulating that entire packet as the payload of a new 
packet. The new packet is generally formed by adding addi 
tional header ?elds, of a different format, to the old packet, 
which becomes the payload. The outermost header must be 
compatible with the device receiving the data. If the EQAM 
28 is an M-CMTS DEPI EQAM (DEPI EQAM), data encap 
sulation can occur using at least two DEPI tunneling tech 
niques. Using either tunneling technique, the content source 
12 generates or originates an L2TPv3 (DEPI) tunnel to the 
DEPI EQAM. In the ?rst DEPI tunneling technique, known 
as the DOCSIS Packet Stream Protocol (PSP), IP content is 
encapsulated into DOCSIS MAC frames or data packets, i.e., 
DOCSIS frames are transported in the L2TPv3 tunnel pay 
load (data). In general, the PSP allows DOCSIS frames to be 
appended together in a queue, using either concatenation (to 
increase network performance) or fragmentation (if tunneled 
packets are too large). The PSP DEPI tunneling technique 
allows the EQAM 28 to mix both IP content originated from 
the IP content sources 12 with non-IP content, such as VOIP 
(Voice over Internet Protocol) data originated from the 
M-CMTS core 24, on the same DOCSIS downstream data 
carrier. 

In the second DEPI tunneling technique, known as DOC 
SIS MPEG Transport (D-MPT), multiple 188-byte MPEG2 
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8 
Transport Stream (MPEG-TS) packets are transported in the 
L2TPv3 tunnel payload. In D-MPT, IP content is encapsu 
lated into DOCSIS MAC frames and the DOCSIS MAC 
frames are encapsulated into MPEG-TS packets. All DOC 
SIS frames, including packet-based frames and any necessary 
MAC management-based frames, are included within the one 
D-MPT data ?ow. The EQAM receiving the D-MPT data ?ow 
searches the D-MPT payload for any DOCSIS SYNC mes 
sages and performs SYNC corrections. The EQAM then for 
wards the D-MPT packet to the RF interface, for transmission 
on the RF data carrier. Using the D-MPT tunneling technique, 
MPEG packets can be received by the EQAM and forwarded 
directly to the RF interface without having to terminate and 
regenerate the MPEG framing. The only manipulation of the 
D-MPT payload is the SYNC correction. 

Alternatively, the EQAM 28 can be a standard MPEG2 
Transport Stream (MPEG2-TS) EQAM. If the EQAM 28 is 
an MPEG2-TS EQAM, the IP content source 12 can transmit 
IP content in PSP formatted data packets. In such case, a 
PSP/MPT converter is used to convert the data format into an 

MPEG2-TS format, which an MPEG2-TS EQAM can pro 
cess. The PSP/MPT converter can be attached to or embedded 
within the CIN 18 or one or more networking devices within 
the CIN 18. Alternatively, the IP content source 12 can 
directly generate and transmit IP content in MPT formatted 
data packets, which the MPEG2-TS EQAM can process. 
As discussed hereinabove, the use of a CMTS bypass or 

other bypass architecture within an IP content delivery sys 
tem requires various encapsulation information for proper IP 
content bypass ?ows. For example, to achieve proper bypass, 
the IP content servers need to have DOCSIS encapsulation 
information, as well as selected EQAM information, e. g., 
tunneling information of the EQAM. The CMTS and CMTS 
peripherals, such as the EQAM Edge Resource Manager 
(ERM), have such information, however, the IP content serv 
ers and other IP content sources typically do not have such 
information. 

For example, referring now to FIG. 4, shown is a block 
diagram of data encapsulations at various stages in the IP 
content delivery systems of FIG. 2 and FIG. 3. The data 
encapsulation 72 at the stage between the IP content source 12 
and the EQAM 28, via the IP network (e.g., the regional area 
network 14 and the CIN 18), includes several DOCSIS encap 
sulation layers 74 inserted into the existing layers. Also, the 
data encapsulation 72 includes several IP content source outer 
encapsulation layers 76. However, of the inserted DOCSIS 
encapsulation layers 74, the Ethernet layer and the DOCSIS 
MAC layer are unknown to the IP content source 12. Also, of 
the IP content source outer encapsulation layers 76, the UDP 
(EQAM) layer and the IP (EQAM) layer are unknown to the 
IP content source 12. 

The apparatus, methods and systems described herein pro 
vide an e?icient and effective way for the IP content sources 
to obtain the necessary encapsulation information and other 
information needed for proper IP content bypass ?ows. The 
apparatus, methods and systems described herein also pro 
vide a control plane, using the existing system framework, for 
such bypass architectures that allows the IP content sources to 
obtain bypass encapsulation information needed for proper IP 
content bypass ?ows, as well as appropriate control plane 
signaling to set up the IP content bypass ?ows. 

Referring now to FIG. 5, shown is a block diagram of an IP 
content delivery system 80 according to the PacketCable 
Multimedia (PCMM) architecture speci?cations, including a 
bypass architecture. The PCMM speci?cations de?ne a 
framework for providing Quality of Service (QoS), security 
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and resource allocation and management for any type of 
service within a DOCSIS network. 
The PCMM framework includes a Proxy Call Session Con 

trol Function (P-CSCF) 82 coupled to the IP content source(s) 
12. In general, the P-CSCF 82 provides connectivity to the 
PacketCable network for the IP content source 12. Also, the 
P-CSCF 82 is responsible for reserving, committing and 
releasing Quality of Service (QoS) resources for a given IP 
content ?ow session. Messages between the P-CSCF 82 and 
the IP content source 12, including registration and session 
control messages, are exchanged using an appropriate proto 
col, e.g., the session initiation protocol (SIP), and using an 
appropriate interface therebetween, such as a Gm interface. 

The PCMM framework also includes a Policy and Charg 
ing Rules Function (PCRF) 84 coupled between the P-CSCF 
82 and the CMTS 62. The PCRF 84 includes a PacketCable 
Application Manager (PAM) 86 coupled to the P-CSCF 82 
and a Policy Server 88 coupled between the PAM 86 and the 
CMTS 62. The PAM 86 is a specialiZed application manager 
primarily responsible for determining the QoS resources 
needed for a session, based on the received session descrip 
tors from the P-CSCF 82, and managing the QoS resources 
allocated for the session. The Policy Server 88 generally is a 
system that primarily acts as an intermediary between the 
PAM 86 and the CMTS 62. The Policy Server 88 applies 
network policies to requests by the PAM 86 and proxies 
messages between the PAM 86 and the CMTS 62. 

The session-based policy set-up information exchanged 
between the P-CSCF 82 and the PAM 86 occurs using an 
appropriate protocol, e.g., the Diameter protocol, and using 
an appropriate interface therebetween, such as an Rx inter 
face. The requests, messages and other information 
exchanged between the PAM 86 and the Policy Server 88 
occurs using an appropriate protocol, e.g., the Common Open 
Policy Service (COPS) protocol. Also, the messages and 
information exchanged between the Policy Server 88 and the 
CMTS 62 occurs using an appropriate protocol, such as the 
COPS protocol. 
An edge resource manager (ERM) 89 is shown coupled 

between the CMTS 62 and the EQAM 28. In general, the 
ERM 89 allocates and manages the resources of the edge 
devices, e.g., the EQAM 28. The ERM 89 also communicates 
with and receives instructions from a session manager (not 
shown), which typically is located in the CMTS 62. The 
information exchanged between the ERM 89 and the EQAM 
28 occurs according to the DOCSIS speci?cation, e. g., using 
the Real Time Streaming Protocol (RTSP). 

Referring now to FIG. 6, shown is a block diagram of an IP 
content delivery system 90 according to the PCMM architec 
ture speci?cations, including a bypass architecture and 
including a Session Encapsulation Information Database 
(SEIDB) 92. The SEIDB 92 is added to the existing PCMM 
framework as the control plane for IP content bypass ?ow 
setup. The SEIDB 92 is shown coupled between the IP con 
tent source 12 and the CMTS 62, although the SEIDB 92 can 
be located anywhere within the system 90 as long as the 
SEIDB 92 can communicate properly with the IP content 
source 12 and other necessary system components, such as 
the CMTS 62. When coupled to the IP content source 12, the 
SEIDB 92 exchanges information with the IP content source 
12 using an appropriate protocol, such as the Lightweight 
Directory Access Protocol (LDAP), which typically is used 
for querying and modifying directory services. Also, when 
coupled to the CMTS 62, the SEIDB 92 exchanges informa 
tion with the CMTS 62 using an appropriate protocol, e.g., 
LDAP. 
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10 
The SEIDB 92 operates as a communications link between 

components involved in IP content bypass session ?ows, e. g., 
the IP content source 12, the CMTS 62 and other appropriate 
components. The SEIDB 92 can be any suitable database 
component, e. g., a database con?gured to receive and provide 
information according to the Lightweight Directory Access 
Protocol (LDAP). The SEIDB 92 is con?gured to store the 
necessary IP content bypass session encapsulation informa 
tion and make such information available to the IP content 
source 12, the CMTS 62 and other system components as 
needed. The SEIDB 92 passes the needed bypass encapsula 
tion information (in an appropriate format) to the necessary 
components within the system 90, instead of the system 90 
having to pass such bypass encapsulation information 
through the PCMM interfaces. In this manner, IP content 
bypass ?ows can be made without having to modify numer 
ous interfaces between existing system components within 
the PCMM framework. 
The SEIDB 92 includes a ?rst interface 94, a second inter 

face 95, a controller 96 coupled between the ?rst and second 
interfaces 94, 95, and a data storage element 98 coupled to the 
controller 96. The controller 96 generally processes IP con 
tent and other information received by the SEIDB 92. The 
controller also manages the movement of IP content and other 
information, such as bypass encapsulation information 
entries, to and from the data storage element 98. In addition to 
the content storage element 98, the SEIDB 92 can include at 
least one type of memory or memory unit (not shown) within 
the controller 96 and/or a storage unit or data storage unit 
coupled to the controller 96 for storing processing instruc 
tions and/or information received and/or created by the 
SEIDB 92. 
The ?rst and second interfaces 94, 95 are con?gured to 

receive IP content from and transmit IP content to other 
components within the system 90, e. g., the IP content source 
12 and the CMTS 62. It should be understood that the inter 
faces 94, 95 can be a single input/output interface coupled to 
the controller 96. Also, it should be understood that one or 
more of the interfaces 94, 95 can be an interface con?gured to 
support more than one connection from more than one system 
component or device. The input and/ or output interfaces 94, 
95 are con?gured to provide any protocol interworking 
between the other components within the SEIDB 92 and the 
other components within the system 90 that are external to the 
SEIDB 92. Because all content distribution systems are not 
the same, the interfaces 94, 95 are con?gured to support the 
protocols of the particular system that is providing the con 
tent. Such protocol support functionality includes the identi 
?cation of the content streams and corresponding protocol 
support required by the distribution system. Each distribution 
system typically will use a de?ned set of protocols. 
One or more of the controller 96, the storage element 98 

and the interfaces 94, 95 can be comprised partially or com 
pletely of any suitable structure or arrangement, e.g., one or 
more integrated circuits. Also, it should be understood that the 
SEIDB 92 includes other components, hardware and software 
(not shown) that are used for the operation of other features 
and functions of the SEIDB 92 not speci?cally described 
herein. 
The SEIDB 92 can be partially or completely con?gured in 

the form of hardware circuitry and/ or other hardware compo 
nents within a larger device or group of components. Alter 
natively, the SEIDB 92 can be partially or completely con 
?gured in the form of software, e.g., as processing 
instructions and/or one or more sets of logic or computer 
code. In such con?guration, the logic or processing instruc 
tions typically are stored in a data storage device, e.g., the 
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content storage element 98 or other suitable data storage 
device. The data storage device typically is coupled to a 
processor or controller, e. g., the controller 96. The controller 
accesses the necessary instructions from the data storage 
element and executes the instructions or transfers the instruc 
tions to the appropriate location within the SEIDB 92. 

Referring now to FIG. 7, with continuing reference to FIG. 
6, shown is a ?ow chart that schematically illustrates a 
method 200 for delivering IP content within a system that 
includes a bypass architecture and that includes the SEIDB 
92. The operation of the SEIDB 92 within the IP content 
delivery system 90 will be discussed along with the method 
200. The method 200 includes a step 202 of con?guring the 
SEIDB 92 and authenticating the SEIDB 92 with bypass 
system components. Initially, the SEIDB 92 is con?gured (or 
precon?gured) with appropriate information about the IP 
content source 12, the CMTS 62 and any other system com 
ponents involved in bypass session ?ows, e. g., between the IP 
content source 12 and the CMTS 62. The SEIDB 92 also is 
authenticated (or pre-authenticated) with the IP content 
source 12 and the CMTS 62. The precon?guration and pre 
authentication may require the addition of a database client 
within the IP content source 12. However, such addition typi 
cally is the only modi?cation necessary to the IP content 
source 12 to implement the method 200. 
The method 200 includes a step 204 of the PCMM frame 

work within the IP content delivery system 90 triggering the 
CMTS 62 for a new IP content bypass session. To initiate a 
new IP content bypass ?ow session, appropriate portions of 
the PCMM framework within the IP content delivery system 
90 trigger or alert the CMTS 62 of a new IP content bypass 
session. For example, the PAM 86 can set a new IP content 
SessionClassID within the PCMM Gate-Set command to the 
CMTS 62. See FIG. 8, which shows a block diagram of a 
PCMM Gate-Set command structure 300, including a Ses 
sionClassID command modi?cation 310. The PAM 86 can be 
con?gured or modi?ed to generate the new IP content Ses 
sionClassID within the PCMM Gate-Set command. How 
ever, such con?guration typically is the only modi?cation 
necessary to the PAM 86 to implement the method 200. 

The method 200 includes a step 206 of the CMTS 62 
gathering bypass encapsulation information. The CMTS 62 is 
con?gured (or precon?gured) with appropriate information 
about the SEIDB 92 and authenticated (or pre-authenticated) 
with the SEIDB 92. The precon?guration and pre-authenti 
cation may require the addition of a database client within the 
CMTS 62. However, such addition typically is one of only a 
few modi?cations to the CMTS 62 that may be required to 
implement the method 200. 

In response to the CMTS 62 being triggered for a new IP 
content bypass session (step 204), the CMTS 62 gathers 
necessary bypass encapsulation information that will be 
needed for the IP content bypass ?ows. The CMTS 62 is 
con?gured to recogniZe the IP content SessionClassID to 
trigger the gathering of bypass encapsulation information. 
For example, the CMTS 62 can gather identi?cation informa 
tion related to the EQAM (e.g., EQAM ID and EQAM port 
ID) from the EQAM 28 and/ or from other appropriate system 
components. Also, the CMTS 62 can gather identi?cation 
information related to the CMTS 62 (e.g., CMTS MAC 
address) from the CMTS 62 and/or from other appropriate 
system components. Also, the CMTS 62 can gather identi? 
cation information related to the one or more network ele 
ments 32 (e.g., CPE MAC address and Transmission Signal 
ID (TSID)) from the network elements 32 and/or from other 
appropriate system components. Other bypass encapsulation 
information includes DOCSIS encapsulation information 
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(e.g., the DOCSIS MAC header: FC ?eld, MAC_PARM), the 
DOCSIS MAC Domain Descriptor (MDD) and Layer 2 tun 
nel encapsulation information. The Layer 2 tunnel encapsu 
lation information includes the IP header (EQAM IP address, 
DS ?eld), the UDP header (EQAM UDP port number), the 
L2TP data header (L2TP session ID, version number, T bit), 
and the L2TP sub-layer header (PSP sub-layer header: ?ow 
ID, VCCV bit, S bit; and the DMPT sub-layer header: ?ow 
ID, VCCV bit, S bit). 
As part of the bypass encapsulation information gathering 

step 206, the CMTS 62 adds or includes an additional ?ow 
classi?er component or ?eld as part of the new bypass encap 
sulation entry to be transferred from the CMTS 62 to the 
SEIDB 92. The added ?ow classi?er provides a unique ID for 
the IP content bypass ?ows at both the CMTS 62 and the IP 
content source 12. Accordingly, as will be discussed herein 
below, both the CMTS 62 and the IP content source 12 will be 
able to search the SEIDB 92 entries using this unique ?ow 
classi?er. The elements of this additional ?ow classi?er com 
ponent can include the protocol type, the source IP address, 
the source port number, the destination IP address and the 
destination port number. 
The method 200 includes a step 208 of the CMTS 62 

uploading the new bypass encapsulation entry to the SEIDB 
92. Once the CMTS 62 has gathered the necessary bypass 
encapsulation information related to the new IP content 
bypass session (including the additional of the unique ?ow 
classi?er), the CMTS 62 uploads the new bypass encapsula 
tion entry directly to the SEIDB 92. As a result, within the 
SEIDB 92, each entry of bypass encapsulation information 
for a bypass flow has a flow classi?er component that 
uniquely identi?es the respective bypass ?ow in a manner that 
allows both the CMTS 62 and the IP content source 12 to 
uniquely identify the bypass ?ow within the SEIDB 92. 

It should be understood that once the CMTS 62 uploads the 
new bypass encapsulation entry directly to the SEIDB 92, the 
CMTS 62 continues with the rest of PCMM setup procedure 
for the IP content bypass ?ow, e. g., in a conventional manner. 
As discussed hereinabove, by using the existing PCMM 
framework to set up IP content bypass ?ows, no change to the 
existing system setup procedure is needed. With respect to the 
portion of the setup procedure that involves the transmission 
of the Gate-Set Acknowledgement command (Gate-Set-Ack) 
by the CMTS 62, the CMTS 62 can be modi?ed easily to 
delay the transmission of the Gate-Set-Ack command until 
the uploading of the bypass encapsulation to the SEIDB 92 is 
complete. 
The method 200 includes a step 210 of the IP content 

source 12 obtaining bypass encapsulation information from 
the SEIDB 92. Before the IP content bypass ?ow begins, the 
IP content source 12 establishes a communication with the 
SEIDB 92 to obtain the necessary bypass encapsulation infor 
mation directly from the SEIDB 92. As discussed herein 
above, such bypass encapsulation information was provided 
to the SEIDB 92 by the CMTS 62. The IP content source 12 
uses the ?ow classi?er as a search ?lter item (or other appro 
priate means) to obtain the bypass encapsulation information 
from the SEIDB 92 needed by the IP content source 12 for 
proper IP content bypass data ?ows. 
The method 200 also can include a step 212 of the CMTS 

62 deleting the bypass encapsulation entry from the SEIDB 
92 after the respective IP content bypass ?ow ends. Once the 
IP content bypass ?ow session of interest ends, the CMTS 62 
is con?gured appropriately so that the CMTS 62 can delete 
the associated bypass encapsulation entry from the SEIDB 
92. 
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The speci?c data ?oWs associated With the IP content 
bypass ?oW setup noW Will be described With an example of 
using SIP as a session setup protocol. Initially, as discussed 
hereinabove, the SEIDB 92 is precon?gured With appropriate 
information about the IP content source 12, the CMTS 62 and 
any other system components involved in bypass session 
?oWs betWeen the IP content source 12 and the CMTS 62. 
Also, as discussed hereinabove, the SEIDB 92 is pre-authen 
ticated With the IP content source 12 and the CMTS 62. 

First, an SIP INVITE command is issued from the netWork 
element 32 to the P-CSCF 82 to set up a neW bypass How. The 
P-CSCF 82 then forWards the SIP INVITE command to the IP 
content source 12 either directly or through other intermedi 
ate SIP signaling components (not shoWn). After receiving 
the Sip INVITE command, the IP content source 12 accepts 
the SIP invitation and transmits an SIP OK command to the 
P-CSCF 82 either directly or through other intermediate SIP 
signaling components. In response, the P-CSCF 82 transmits 
an AA (authorization application) REQUEST (AAR) com 
mand (Diameter protocol) to the PAM 86 to request QoS 
support for the bypass ?oW. In response to the AAR, the PAM 
86 transmits a Gate-Set command (With a bypass ?ag set) to 
the Policy Server 88. The Policy Server 88 forwards the 
Gate-Set command (With a bypass ?ag set) to the CMTS 62 to 
set up the bypass ?oW after policy veri?cations. 

In response to receiving the Gate-Set command, the CMTS 
62 transmits an RTSP SETUP REQUEST command to the 
ERM 89 for EQAM resources. The ERM 89 then selects a 
suitable EQAM 28 and forWards the RTSP SETUP 
REQUEST command to that EQAM 28. Typically, an RTSP 
SETUP REQUEST command speci?es parameters for trans 
porting a media stream. Upon receipt of the RTSP SETUP 
REQUEST command, the EQAM 28 transmits an RTSP 
SETUP RESPONSE back to the ERM 89, Which the ERM 89 
forWards to the CMTS 62. 
Upon receiving the RTSP SETUP RESPONSE, the CMTS 

62 transmits a (DOCSIS) DBC (Dynamic Bonding Change) 
REQUEST command to the appropriate netWork element 32 
to setup a non-primary DOCSIS doWnstream channel. In 
response, the netWork element 32 transmits a DBC 
RESPONSE back to the CMTS 62. The CMTS 62 then tran 
sits a DSA (Dynamic Service Addition) REQUEST com 
mand to the netWork element 32. In response, the netWork 
element 32 issues a DSA RESPONSE back to the CMTS 62. 
The CMTS 62 then transmits a DSA ACKNOWLEDGE 
MENT back to the netWork element 32. 

The CMTS 62 then transmits a Layer TWo Tunneling Pro 
tocol (L2TP) IC (Incoming Call) REQUEST command to the 
EQAM 28. In response, the EQAM 28 transmits an L2TP IC 
RESPONSE back to the CMTS 62. The CMTS 62 then trans 
mits a L2TP ICCN (Incoming Call Connected) command 
back to the EQAM 28. 

The CMTS 62 then transmits an LDAP ADD REQUEST 
command to the SEIDB 92 to upload gathered encapsulation 
information for the bypass ?oW. In response, the SEIDB 92 
transmits an LDAP ADD RESPONSE back to the CMTS 62. 
The CMTS 62 transmits a Gate-Set-AcknoWledge to the 
Policy Server 88, Which forWards the Gate-Set-AcknoWledge 
to the PAM 86. The PAM 86 then transmits anAA-ANSWER 
command to the P-CSCF 82 to indicate that QoS support for 
the bypass How is ready. In response to the received AA 
ANSWER command, the P-CSCF 82 transmits an SIP OK 
command to the netWork element 32 to complete the How 
setup. 
The IP content source 12 then can send an LDAP SEARCH 

REQUEST command to the SEIDB 92 before commencing 
the bypass ?oW transmission. Such request includes the How 
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14 
classi?er component for the How. As discussed hereinabove, 
the How classi?er component uniquely identi?es a bypass 
How in a manner that alloWs the IP content source 12 (and the 
CMTS 62) to uniquely identify the bypass ?oW Within the 
SEIDB 92. In response to the LDAP SEARCH REQUEST 
command, the SEIDB 92 sends the IP content source 12 an 
LDAP SEARCH RESPONSE. Such response includes the 
bypass encapsulation information needed by the IP content 
source 12 for proper IP content bypass ?oWs. Afterwards, the 
IP content source 12 starts to transmit the bypass ?oW. 
As discussed hereinabove, the use of the SEIDB 92 Within 

the IP content delivery system provides many advantages. For 
example, by using the existing PCMM frameWork to set up IP 
content bypass ?oWs, no change to the existing system setup 
procedure is required, While also achieving QoS provisioning 
for bypass ?oWs. Also, the SEIDB 92 is independent of any 
one IP content source or server, thus alloWing good scalabil 
ity, e.g., for adding or removing IP content sources, and 
relatively easy manageability of multiple IP content sources. 
Also, such independence alloWs asynchronous operations 
betWeen multiple IP content sources (e.g., video servers) and 
the CMTS 62. 

The method shoWn in FIG. 7 may be implemented in a 
general, multi-purpose or single purpose processor. Such a 
processor Will execute instructions, either at the assembly, 
compiled or machine-level, to perform that process. Those 
instructions can be Written by one of ordinary skill in the art 
folloWing the description of FIG. 7 and stored or transmitted 
on a computer readable medium. The instructions may also be 
created using source code or any other knoWn computer 
aided design tool. A computer readable medium may be any 
medium capable of carrying those instructions and includes 
random access memory (RAM), dynamic RAM (DRAM), 
?ash memory, read-only memory (ROM), compact disk 
ROM (CD-ROM), digital video disks (DVDs), magnetic 
disks or tapes, optical disks or other disks, silicon memory 
(e.g., removable, non-removable, volatile or non-volatile), 
packetiZed or non-packetiZed Wireline or Wireless transmis 
sion signals. 

It Will be apparent to those skilled in the art that many 
changes and substitutions can be made to the bypass archi 
tecture apparatus, methods and systems herein described 
Without departing from the spirit and scope of the invention as 
de?ned by the appended claims and their full scope of equiva 
lents. 
The invention claimed is: 
1. A session encapsulation information database (SEIDB) 

apparatus for use in a system for transmitting intemet proto 
col (IP) content from at least one IP content source to a 
doWnstream modulator and having a bypass architecture, 
Wherein the system includes at least one netWork coupled 
betWeen the content source and a cable modem termination 
system (CMTS), and Wherein the doWnstream modulator is 
coupled to the at least one netWork and con?gured to transmit 
IP content to at least one end user netWork element coupled to 
the doWnstream modulator, comprising: 

a ?rst interface for coupling the session encapsulation 
information database apparatus to the at least one con 

tent source; 
a controller coupled to the ?rst interface; and 
a second interface coupled to the controller and for cou 

pling the session encapsulation information database 
apparatus to the cable modem termination system, 

Wherein the controller is con?gured to receive bypass 
encapsulation information from the cable modem termi 
nation system, the bypass encapsulation information 
including a bypass ?oW entry having a How classi?er 
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component that uniquely identi?es the bypass ?ow entry 
and includes data for transmitting 1P content from the at 
least one network to the downstream modulator in such 
a way that the transmitted 1P content bypasses the cable 
modem termination system, 

wherein the controller is con?gured to provide the bypass 
encapsulation information received from the cable 
modem termination system to the at least one content 
source responsive to receiving the ?ow classi?er com 
ponent from the content source, and 

wherein the at least one IP content source uses the bypass 
encapsulation information provided by the session 
encapsulation information database apparatus to trans 
mit 1P content from the at least one network to the 
downstream modulator in such a way that the transmit 
ted 1P content bypasses the cable modem termination 
system coupled to the at least one network. 

2. The apparatus as recited in claim 1, wherein the bypass 
encapsulation information provided by the session encapsu 
lation information database apparatus to the at least one IP 
content source includes at least one of DOCSIS framing 
information and downstream modulator tunneling informa 
tion. 

3. The apparatus as recited in claim 1, wherein at least one 
of the controller receives bypass encapsulation information 
from the cable modem termination system and the controller 
provides bypass encapsulation information to the at least one 
content source via a Lightweight Directory Access Protocol 

(LDAP). 
4. The apparatus as recited in claim 1, wherein the session 

encapsulation information database apparatus is con?gured 
to delete at least a portion of the bypass encapsulation infor 
mation received from the cable modem termination system 
after the end of an IP content bypass ?ow session from the at 
least one IP content source to the downstream modulator. 

5. The apparatus as recited in claim 1, wherein at least one 
IP content source includes at least one of a video on demand 

(VOD) server, an IPTV broadcast video server, and an Inter 
net video source. 

6. The apparatus as recited in claim 1, wherein the down 
stream modulator further comprises an Edge Quadrature 
Amplitude Modulation (EQAM) modulator. 

7. A method for transmitting internet protocol (IP) content 
from at least one IP content source to a downstream modula 
tor within an IP content delivery system having a bypass 
architecture, wherein the 1P content delivery system includes 
at least one network coupled between the at least one IP 
content source and a cable modem termination system 
(CMTS), and wherein the downstream modulator is coupled 
to the at least one network and con?gured to transmit 1P 
content to at least one end user network element coupled to 
the downstream modulator, comprising the steps of: 

receiving bypass encapsulation information from the cable 
modem termination system by a session encapsulation 
information database (SEIDB) coupled to the cable 
modem termination system, the bypass encapsulation 
information including a bypass ?ow entry having a ?ow 
classi?er component that uniquely identi?es the bypass 
?ow entry and includes data for transmitting 1P content 
from the at least one network to the downstream modu 
lator in such a way that the transmitted 1P content 
bypasses the cable modem termination system; and 

providing the bypass encapsulation information from the 
session encapsulation information database to the at 
least one IP content source responsive to receiving the 
?ow classi?er component from at least one IP content 

source, 
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wherein the at least one IP content source uses the bypass 

encapsulation information provided by the session 
encapsulation information database apparatus to trans 
mit 1P content from the at least one network to the 
downstream modulator in such a way that the transmit 
ted 1P content bypasses the cable modem termination 
system coupled to the at least one network. 

8. The method as recited in claim 7, wherein the bypass 
encapsulation information provided by the session encapsu 
lation information database apparatus to the at least one IP 
content source includes at least one of DOCSIS framing 
information and downstream modulator tunneling informa 
tion. 

9. The method as recited in claim 7, wherein at least one of 
the bypass encapsulation information receiving step and the 
bypass encapsulation information providing step transmits 
bypass encapsulation information via a Lightweight Direc 
tory Access Protocol (LDAP). 

10. The method as recited in claim 7, wherein the method 
further comprises the step of the cable modem termination 
system gathering bypass encapsulation information in 
response to a trigger for a new IP content bypass session. 

11. The method as recited in claim 7, wherein the method 
further comprises the step of the cable modem termination 
system gathering bypass encapsulation information using a 
new SessionClasslD within a PacketCable Multimedia 

(PCMM) Gate-Set command. 
12. The method as recited in claim 7, wherein the method 

further comprises the step of the cable modem termination 
system instructing the session encapsulation information 
database apparatus to delete at least a portion of the bypass 
encapsulation information received thereby after the end of 
an IP content bypass ?ow session from the at least one IP 
content source to the downstream modulator. 

13. The method as recited in claim 7, wherein the method 
further comprises the step of authenticating the session 
encapsulation information database with at least one of the 
cable modem termination system and the at least one IP 
content source. 

14. A non-transitory computer readable medium storing 
instructions that, when executed on a programmed processor, 
carry out a method for transmitting internet protocol (IP) 
content from at least one IP content source to a downstream 

modulator within an IP content delivery system having a 
bypass architecture, wherein the 1P content delivery system 
includes at least one network coupled between the at least one 
IP content source and a cable modem termination system 
(CMTS), and wherein the downstream modulator is coupled 
to the at least one network and con?gured to transmit 1P 
content to at least one end user network element coupled to 
the downstream modulator, the instructions comprising: 

instructions for receiving bypass encapsulation informa 
tion from the cable modem termination system by a 
session encapsulation information database (SEIDB) 
coupled to the cable modem termination system, the 
bypass encapsulation information including a bypass 
?ow entry having a ?ow classi?er component that 
uniquely identi?es the bypass ?ow entry and includes 
data for transmitting 1P content from the at least one 
network to the downstream modulator in such a way that 
the transmitted 1P content bypasses the cable modem 
termination system; and 

instructions for providing the bypass encapsulation infor 
mation from the session encapsulation information data 
base to the at least one IP content source responsive to 
receiving the ?ow classi?er component from at least one 
IP content source, 
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wherein the at least one IP content source uses the bypass 
encapsulation information to transmit 1P content from 
the at least one network to the downstream modulator in 
such a way that the transmitted 1P content bypasses the 
cable modem termination system coupled to the at least 
one network. 

15. The non-transitory computer readable medium as 
recited in claim 14, wherein the bypass encapsulation infor 
mation provided by the session encapsulation information 
database apparatus to the at least one IP content source 

18 
includes at least one of DOCSIS framing information and 
downstream modulator tunneling information. 

16. The non-transitory computer readable medium as 
recited in claim 14, wherein at least one of the controller 
receives bypass encapsulation information from the cable 
modem termination system and the controller provides 
bypass encapsulation information to the at least one content 
source via a Lightweight Directory Access Protocol (LDAP). 

* * * * * 


